Non alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease and ongoing research efforts are focused on understanding the underlying pathophysiology of hepatic steatosis with the anticipation that these efforts will identify novel therapeutic targets. This study investigated the Petroselinum crispum extract in hepatic steatosis in rats fed with fructose enriched diet. Rats were divided into the 4 groups: Group 1 rats received standard pellet diet with corn starch for the entire experimental period of 8 weeks. Group 2 rats received standard pellet diet and 2 gm/kg body weight crude Parsley leaf ethanol extract for the entire experimental period of 8 weeks. Group 3 rats received modifi ed fructose diet. Group 4 rats received modifi ed fructose diet and 2gm/kg crude Parsley leaf ethanol extract. Hepatic function and structure was evaluated in these rats. Modifi ed fructose diet produced dyslipidemia, hepatic steatosis and infi ltration of infl ammatory cells in the liver and higher plasma hepatic markers. Petroselinum crispum extract reversed metabolic changes such as abnormal hepatic function tests and liver pathology. These results suggested that a non-nutritive role for Petroselinum crispum extract attenuated chronic changes in modifi ed fructose diet induced NAFLD (Tab. 2, Fig. 3, Ref. 43) . Text in PDF www.elis.sk. KEY WORDS: Petroselinum crispum, non alcoholic fatty liver disease, non alcoholic steatohepatitis, lipid-hepatic function indicator.
Introduction
Non alcoholic fatty liver disease (NAFLD) is a condition defi ned by an excessive fat accumulation in the form of triglycerides (steatosis) in the liver (> 5 % of hepatocytes histologically) in individuals who do not consume a large amount of alcohol (< 20 g ethanol/day) (1) . Non alcoholic steatohepatitis (NASH) is a progressive form of NAFLD that is diagnosed by histopathological features (2) . NAFLD refers to a wide spectrum of liver damage, ranging from simple steatosis to steatohepatitis and cirrhosis (3) . Steatosis represents the deposition of fat in hepatocytes, whereas steatohepatitis is the combination of steatosis with hepatic infl ammation and fi brosis (4) . Development of steatosis involves an impaired lipid metabolism in the liver (5) . Insulin resistance, hyperinsulinemia, and oxidative stress are important factors in the development of NASH (6) .
NAFLD is rapidly becoming a worldwide public health problem. It is the most common liver disease in the United States and, indeed, throughout the world. Current estimates are that 40-90 % of worldwide obese population, 27-34 % of US general population, 20-30 % of Europe general population, 20-40 % of Western countries general population, 20-30 % of Middle East general population and 15 % of Far East general population suffers from NAFLD (7) .
Diet is an important contributor to NAFLD, mainly because an excessive energy intake leads to obesity, which in turn increases the risk for NAFLD. A diet based on high cholesterol, high saturated fat and high fructose (cafeteria or fast food type) recapitulates features of NASH with progressive fi brosis (8) . Among carbohydrates, specifi cally fructose contributes to NAFLD progression. Fructose intake has been linked to an increased hepatic fat accumulation, infl ammation and fi brosis (9) . Fructose has also been associated with both an increase in visceral adipose tissue (10) and plasma triglycerides (11) .
The goal of managing NAFLD and NASH is to improve steatosis and prevent fi brosis. There is no standard treatment at present, however, treating risk factors such as insulin resistance, diabetes and obesity remains the focus of managing NAFLD. Currently, lifestyle and dietary interventions, medical treatments, alternative therapies, herbal medicine and surgery are being used to treat risk factors associated with NAFLD (12) . Polyphenol rich plants and fruits have been used in folk medicine for treating life style related diseases throughout the world (13) .
Peteroselinum crispsum (Parsley) is a bright green, biennial herb, which belongs to the family Apiaceae. Native to the central Mediterranean region (Southern Italy, Algeria, Iran and Tuni-sia) and naturalized elsewhere in Europe, Africa and Asia. It is commonly used as a ganish in soups, salads, meats, vegetables and sauces. Phytochemical screening of Petroselinum crispum (parsley) has revealed the presence of several classes of fl avonoids. Its main constituents subsume coumarins, furanocoumarins (bergapten, imperatori), ascorbic acid, carotenoids, fl avonoids (kaempferol, quercetin, apigenin and luteolin), apiole, various terpenoic compounds, phenyl propanoids, phathalides, and tocopherol (14) (15) (16) .
Peteroselinum crispsum (Parsley) has shown health improving effects which includes anti-anemic, menorrhagic effects(17), control of high blood pressure and strengthening the bladder (18), anticoagulant and anti-hyperlipidemic (19) , anti-hepatotoxic (20, 21) , anti-oxidant (14, 22) , laxative effects (23), normalization of platelet hyper activation (24) , treatment of hyperuricemia and gout (25) , preventing oxidative stress (25) and reno-protective activity (21) .
The present study was aimed to characterize the hepatic biochemical and histological responses to Petroselinum crispum (Parsley) extract against modifi ed fructose diet induced model of non alcoholic fatty liver disease in rats.
Materials and methods

Plant material and extraction
Petroselinum crispum (Parsley) plant material was collected from local market in Kuala Lumpur, Malaysia. Plant identifi cation and authentication was done by the botanist Dr. Shamsul Khamis, Co-ordinator, Biodiversity Unit, Institute of Bioscience, Universiti Putra Malaysia, Serdang, Selangor Darul Ehsan, Malaysia where a voucher specimen has been deposited under number: SK 2389/14.
After collection, the leaves of Petroselinum crispum (Parsley) were spattered from other plant parts, dust and then washed with running tap water. The leaves of Petroselinum crispum were shade dried at room temperature for 15 days and coarsely powdered. The powdered leaves were macerated using ethanol at room temperature and extracted for 48 hours with occasional shaking. The soluble ethanol extract were fi ltered and concentrated to dryness under reduced pressure at 60 ± 1 °C in rotary evaporator. Solvent elimination of the resulting ethanol extract was weighed. The percentage yield was calculated using this formula: weight of extract/ original weight×100) of crude Petroselinum crispum extract (PCE). The plant extract was stored in the refrigerator and aliquot of the concentrations was prepared immediately before use.
Animal care and diet
All the experiment complied with the recommendations and guidelines of the University Animal Ethics Committee and the experimental protocol was approved by the University Animal Ethics Committee (AEC), Asia Metropolitan University, Cheras, Selangor, Malaysia (Reg No: AMU/AEC/HS-FOP/2014/08). Male Wistar rats (150-180 gm, 4-6 weeks old) were supplied by the Central Animal House, Asia Metropolitan University, Cheras, Selangor, Malaysia. They were housed individually in polypropylene cages with paddy husk for bedding at a room temperature of 25 ± 2 °C with relative humidity (45 ± 5 %) under a 12-h light-dark cycle. Upon arrival, the rats were allowed 1 week to acclimatize to the new conditions. They were allowed free access to standard rat chow and water ad libitum.
At the start of the experiment, control groups were fed standard pellet diet with corn starch and water ad libitum and other experimental NAFLD groups were fed with modifi ed fructose diet (MFD) which comprises 40% fructose in diet and 20% fructose in drinking water. All measures were taken to ensure uniform mixing of the additives of the diet before kneading using a little water.
Experimental timeline
Rats were randomly assigned into the four groups as follow: 
Physiological and metabolic variables
Metabolic measurements (food intake and water intake) were recorded for all the rats. Water consumption was measured daily to determine fructose dosage. The body weight of each rat was recorded throughout the experimental period.
Terminal experiments
On the day before euthanasia, the rats were deprived of food for overnight and anaesthetized, and then, rats were killed by decapitation. Blood was collected in heparinized tubes, after 60 min rest in the supine position, and centrifuged at 160×g for 10 min. The plasma was separated and used for the biochemical assays. Liver was carefully cleaned of adherent fat, connective tissue, weighed accurately and used for the histological and biochemical analysis.
Assessment of hepatic structure and function
Histology of liver Hepatic tissues were quickly removed after euthanasia, fi xed in 10 % buffered formalin for 48 h, dehydrated by pass-ing successively in different concentrations of ethanol-water, cleaned in xylene, embedded in paraffi n, and sectioned (5-6 μm thickness) using a microtome. Sections were stained with hematoxylin and eosin (H and E) and Masson's trichrome and then mounted with neutral deparaffinated xylene (DPX) medium using standard protocol for determination of infl ammatory cell infi ltration, fat vacuoles and fi brosis.
Hepatic function indicators The activities of serum aspartate transaminase (AST, EC 2.6.1.1), alanine transaminase (ALT, EC 2.6.1.2), and alkaline phosphatase (ALP, EC 3.1.3.1) were assayed spectrophotometrically according to the standard procedures using commercially available diagnostic kits (Qualichem (Sea) Sdn. Bhd., Selangor Darul Ehsan, Malaysia).
Circulatory and tissue lipids Lipids were extracted from hepatic tissues by the method of Folch et al (26) . HDL cholesterol, total cholesterol, triglycerides in serum and cholesterol, triglycerides in hepatic tissues were quantifi ed spectrophotometrically according to the standard enzymatic procedures using commercially available diagnostic kits (Human Gesellschaft Fur Biochemica und Diagnostica mbH, Weisbaden, Germany).
Statistics
The data are expressed as the mean ± S.E.M. Comparisons of the determined variables among all the grouped data for biochemical and physiological parameters were analyzed statistically using one-way analysis of variance (ANOVA) followed by Duncan's multiple range test using the SPSS software package, version 17.01 for windows and statistical signifi cance was defi ned as p<0.05.
Results
Body weight changes
Body weight of the control and experimental rats are shown in Table 1 . Body weight was higher in MFD fed rats (group 3) as compared to the control rats (group 1). Administration of PCE at the dose of 2 gm/kg body weight showed reduced body weight in the MFD+PCE (grou p 4) treated rats as compared to the MFD alone treated rats (group 3). There were no signifi cant differences between the food intake and water intake in MFD (group 3) and MFD+PCE treated rats (group 4) during the experimental period (Tab. 1). Figure 1 represents the hepatic tissue of control and experimental rats stained with hematoxylin and eosin. MFD alone All the values are expressed as means ± S.E.M. of 6 rats in each group. Groups not sharing a common superscript letter (a, b and c) differ signifi cantly at p < 0.05 (DMRT).
Histology of liver
Tab. 1. General characteristics of control and experimental rats. Figure 2 illustrates photomicrographs of Masson's trichrome staining of the hepatic tissue of control and experimental rats. MFD treated rats (group 3) exhibited increased perisinusoidal, pericellular and interstitial collagen accumulation (stained blue). Administration of PCE to MFD fed rats (group 4) revealed reduced collagen accumulation (stained blue) as compared to the MFD alone treated rats (group 3).
Hepatic function indicators
Hepatic function indicator enzymes such as AST, ALT and ALP activities in the plasma were elevated in MFD fed rats (group 3) as compared to the control rats (group 1). Administration of PCE at the dose of 2 gm/kg body weight reduced the activities of the hepatic function indicator enzymes in MFD+PCE (group 4) as compared to the MFD (group 3) alone treated rats (Fig. 3 ).
Circulatory and tissue lipids
Increased levels (statistically signifi cant at p < 0.05) of plasma lipids (total cholesterol and triglycerides) with decreased levels of HDL were observed in MFD fed rats (group 3) as compared to the control rats (group 1). Administration of PCE at the dose of 2 gm/kg body weight reduced the levels of plasma cholesterol and triglycerides and enhanced the HDL levels in MFD+PCE (group 4) as compared to MFD (group 3) alone treated rats (group 3) (Tab. 2).
Elevated levels of cholesterol and triglycerides in the hepatic tissue were observed in MFD fed rats (group 3) as compared to the control rats (group 1). Administration of PCE at the dose of 2 gm/kg body weight reduced the cholesterol and triglycerides in MFD+PCE (group 4) as compared to the MFD alone treated rats (group 3) (Tab. 2).
Discussion
Non alcoholic fatty liver disease (NAFLD) is a major public health issue due to its high prevalence worldwide and potentially serious sequelae. NAFLD is an overarching term for liver histopathology that encompasses a spectrum from simple steatosis to All the values are expressed as means ± S.E.M. of 6 rats in each group. Groups not sharing a common superscript letter (a, b and c) differ signifi cantly at p < 0.05 (DMRT).
Tab. 2. Effect of Petroselinum crispum extract on serum lipids and hepatic lipids of control and experimental rats.
non alcoholic steatohepatitis (NASH). NAFLD is usually caused by two 'hits': the 'fi rst hit' is induced by peripheral insulin resistance, causing hepatic steatosis. The 'second hit' is thought to be caused by reactive oxygen species, inducing vicious cycles of oxidative injury leading to infl ammation and fi brosis (27) . In this present study, we have shown that Petroselinum crispum (parsley) extract is a possible treatment strategy for modifi ed fructose diet induced rat NAFLD in a rat model. In the present study, we have characterized the changes in liver pathology, lipid composition, and liver function enzymes activities in the rats fed with modifi ed fructose diet. Petroselinum crispum (parsley) extract supplementation signifi cantly reversed the changes induced by feeding modifi ed fructose diet. The hallmark of NAFLD is triglyceride accumulation in the cytoplasm of hepatocytes. This arises from an imbalance between lipid acquisition (i.e., fatty acid uptake and de novo lipogenesis) and removal (i.e., mitochondrial fatty acid oxidation and export as a component of VLDL particles) (28) . Under physiological conditions, the low steady-state triglyceride concentrations in the liver are attributable to a precise balance between acquisition by uptake of non-esterifi ed fatty acids from the plasma and by de novo lipogenesis, versus triglyceride disposal by fatty acid oxidation and by the secretion of triglyceride-rich lipoproteins (28) . In the setting of excess carbohydrates, fatty acids are also synthesized de novo within the liver (29) . These fatty acids converted into other lipid species, such as glycerolipids, glycerophospholipids and sterols, which can be packaged into very low density lipoprotein (VLDL) particles and secreted from the liver into the plasma (28) .
An imbalance between the uptake, synthesis, oxidation, and export of lipids results in excessive fat accumulation in the liver. Elevated serum total cholesterol, triglycerides, and free fatty acids and reduced serum HDL, the indicators of hyperlipidemia, are independent predictors of NAFLD. Increased retention of lipids in the hepatocytes, mostly in the form of total cholesterol, triglycerides and free fatty acid, is known to be the common early trait of NAFLD (30) . Moreover, there is a strong link between insulin resistance and excessive deposition of lipids in hepatocytes, which is the hallmark for diagnosis of NAFLD (6) . In our present study, accumulation of cholesterol, triglyceride in the hepatocytes was observed in the modifi ed fructose diet fed rats resulting in insulin resistance which is in accordance with the previous fi ndings (28, 31, 32) and also represents the "fi rst hit" in the pathogenesis of NAFLD (33) . Petroselinum crispum (parsley) extract treatment to modifi ed fructose diet treated rats decreased the hepatic fat deposition, especially triglycerides and cholesterol. This could be due to the decreased activities of the key enzymes involved in the synthesis of fatty acid and triglycerides.
Serum aspartate transaminase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) enzymes activities are well recognized clinical markers of liver damage. Alkaline phosphatase (ALP) is a liver enzyme and its elevation raises the suspicion of infi ltrative liver disease. It is elevated in steatohepatitis and advanced NAFLD (34, 35) . Elevation of AST, ALT, and ALP activities in the plasma is the result of leakage from dam-aged cells and therefore refl ects hepatocyte damage (36) . Liver transaminases should not be considered as mere biomarkers of NAFLD based solely on blood work. Although elevated liver transaminases can be used as a fi rst step (37) . Elevated AST and ALT levels in the absence of other liver diseases may support NAFLD (38, 39) , and have been found in up to approximately 50 % of simple steatosis patients and 80 % of NASH patients (37) . However, it is important to note that patients with normal transaminases and liver steatosis on imaging may also have NASH (40) . Mild to moderate elevation in the plasma activities of AST and ALT or both is the most common and often the only laboratory abnormality found in patients with NAFLD (41) . The AST to ALT ratio appears to be a useful index for distinguishing non alcoholic steatohepatitis from alcoholic liver disease. Although values < 1 suggest NASH, a ratio of ≥ 2 is strongly suggestive of alcoholic liver disease, but this ratio increases as fi brosis advances, leading to a loss of its diagnostic accuracy in patients with cirrhotic NAFLD (42) . Consistent with the previous fi ndings by Panchal et al (31) and Kawasaki et al (32) , our present study of modifi ed fructose diet in rats showed elevated hepatic enzyme (ALT, AST, and ALP) activities, which strongly correlated to NAFLD associated with NASH. Petroselinum crispum (parsley) extract treated rats probably had lower injury and damage to hepatocytes caused by chronic modifi ed fructose diet, as shown by lower serum AST, ALT and ALP activities in plasma.
Diagnosis for NASH is confi rmed when a liver pathology shows the presence of perilobular infl ammation, or the presence of hepatocyte ballooning, mallory hyaline and acidophil bodies with or without fi brosis (3). Histopathology of modifi ed fructose diet fed rats liver showed features of NAFLD and/ or NASH such as microvesicular steatosis, sinusoidal fi brosis, polymorphonuclear infi ltrates, centrilobular infl ammation, perisinusoidal, and pericellular deposition of collagen (fi brosis). These evidences demonstrate a systemic pathological change on long term treatment with modifi ed fructose diet, which are features of NAFLD associated with NASH. Petroselinum crispum (parsley) extract treatment reversed the modifi ed fructose diet induced changes.
Effi cacy of hepatoprotective drug is essentially dependent on its capability to either reduce the harmful effects or to maintain the normal hepatic physiological mechanisms. The results of the present study revealed that the ethanolic extract of Parsley possesses signifi cant hepatoprotective potential against modifi ed fructose diet induced NAFLD in the experimental model. Hepatoprotective potential of parsley may be attributed to its higher content of fl avonoids and vitamin C, which scavenge free radical and antioxidant property, which helps to attenuate hepatic infl ammation and fi brosis.
Taken together, the data presented so far indicated that Petroselinum crispum (parsley) extract played a signifi cant role in protecting the hepatic tissue with the most likely mechanisms being decreases in lipid deposition, and improved pathology. The results suggesed that it attenuated hepatic steatosis and improved hepatic pathology, which may serve as a counter regulatory mechanism, to protect the hepatic tissues. Moreover, previous fi ndings with Petroselinum crispum (parsley) extract showed benefi cial effects against high blood pressure (18), anti-coagulant and anti-hyperlipidemic (19) , anti-hepatotoxic (20, 21) , anti-oxidant (14, 22) , laxative effects (23) , and prevented oxidative stress (25) . Also Petroselinum crispum (parsley) extract played a crucial role in lipid lowering effect in hypercholesterolemic rats and protective effects in hepatic tissue with atrophy and vaculation of hepatocyte (43) , which fall in line with our present data. These data are clinically very relevant, and ascribe that consumption of Petroselinum crispum (parsley) could prevent early hepatic damage in people prone to NAFLD.
